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5H#(30H, n-GaN^-S °l^f-<H# WS#£(20)4 p-GaN^-S. c)^6\^ 

#(40) *m<hi 7ii °l^<H*lfc m-^W £5-1*1] ^jfc^S^, *Pf^-*# 

(20)4 «-$#(30) 4°H1, InxGawN^-S ^l^^^l^ 3*HH^ ^#(L3)4, n- 

GaN £-Sr n-Al y Gai- y N«LS °1-?-<H*1t7 ^^^^(L4)4, In z Gai- z NiLS. o^o^fe 

^, *Ff^##(20)4 3*Ff^ W#(L3) *H°IL n-GaN EE±r £.#^7}- 

*1 S£ GaN.2.3. ol^^^i ^^7^^ (L1 )4 ! ^^7f^#(Ll)Ji4 Ji^ES 51^ £ 

n-GaNAS. <>l^<H?i °lf--^^ #*HJ"^ *Ht]#(L2)°1 3^3<H 7fl*M 

(20)41*] n*§ 5L^J5.3. ?]Sfl H-Bl-i+fe Sl-f^##(20)4 H $H $^3rr ^3 
£. 2 

*lf^, tf^, ^WHrf^. ^PfW, ^x^J-tf , GaN 
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LIl-^Sl-l- «]r£.*ll ^^^Hm-Nitride compound semiconductor light 
emitting device} 



<i> £ i£ f^Eflsj m-^5]-# «K5i*il ^-^41- -i^sM W #£5i; 

<2> s 2^7 £ ^HHl 4^ m-^i- #51*11 ^#±* r f- -M^ef7] ^ 
*b #£51; • 

<3> £ 3^ £2S] q- ^xf^c^ oi)u^1bHh 4°H3^; 

<4> £4^r E 221 A %%^\ n^ SL^e^a] £3g £ ^Je]^ ^ £ ztEfls; 

<5> Si 5fe ^^-*-#(20)4 344 W £Sr#(L3)o] yfg. ^tr 

<7> 51 7£ 3*Fr-^ €>S}^(L3)21 ^7)H 4§ J <Ht^-§- M-Efm^r ^EflH; 

<8> 51 8£ 344^ W#(L3)sl "S^lMl 4€- %#3-§- M-Efxflfe 

<9> 51 9rr *!4^#(L4)£l 51^-X-51^ W^j-fr M-EN^ ^2fl^; 
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<io> 51 10£ ^^s]4^(L5)^l ^Hj n-^^l^-l- M-E]-tfl^ ^EflS; ^ 

<ii> £ ll£ *l=f^ A)7]%-{12)°\ SL^-^H^l 4^ ^u c v^ ^-§-*i«a 

<12> < 51^ ^ Jf£6fl Cfltl- fe^jM > 

<13> 10: 15: tHs|^ 

<i4> 20: *Ff^## 30: 

<15> 40: ^Hf^## 50, 60, 70: ^% 

<16> 80: iL3.*> Li: ^47}-^f 

<n> L2: o]^^^- ^xH^ L3: 3*FfM W# 

<is> L4: #*]-^# L5: 



<19> m-^g|-# «K5^] ^i^Ml W 3^5*1, #^#4 n- 
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<2i> £ 1# ^-JL^, ^2flS] !>#4i*Br, Al-sj-ojo] 71^(20) 

#41, i£S7f £^§S]*1 GaN°.5L °l-f-<H*l ^^#(15), n-GaN.2.^ ^l^^^l 

*B^#t(20), ^^Hfl-^ cH^H-t-^^ ^Hfe #^#(30), 

0)<>] -V.#£]s.-s- u\}a}*\7J*}ji ^o_s. 4-§-€ 3^#(50, 60, 70)#-fr * 

41 is^(80)-S- ol^-<H^L4. 
<22> %##(30)s] cf^W-fl-^s^ W^f^l 3#3 

<H ol^^tll, ^l-ft^St InGaN^l Af-g-S] ^ W#^#^S.^r 
InGaNt 31 rr GaN#^l Af-g-^ ^ -§-.£-, 0^0.0.*^ o^j.^ * ^ 

InGaN#* Aj-g-^- o^^^.o\}X\$] i n c$°- o^^^Aj^ in^cf^ a] 

<23> ^efls] m-^^ «KE*ll ^i^Rr *Hf^##(20)4 #^*( 30 ) 

°M*Kpiezoelectrics)^ £ttC|], 0 13^ #7)4 g£ 3*FMi 

t°l 7-1^^ M-tfM-^l m. °J-#^H *^#(30) ifl^MM 

i+Ef^- %^#(30)s] 4m^lfHH 5L^S] £^ 7f^4 # *)•<*)- l-(hole)^ 4 
Wn-(wave function)^ sfl^ 2:5fl§l-7fl Sjjl ?]Sfl *Hd^(30)<*MSl M 
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<24> m-^S)-# a]-£^Hl5] JE£H, «fl?iufl £^g-£-.£7f £0} 

^•f EE*V H h>o]- a 1 M-^l^l ^o] <y^o)4. 44^, §1-4 

^##(20)^] 5L^^£7l- ^o>^^s. ojofl #^( 30 )oj W i+»> 

*H t«^r S i^s] Aisl^o] a^fc -5-^l7h q-El-4^1 34. 

<25> 44 £°1 3^4 m-^sl-i- tiVH^) ^^Hl $\*\"&, *Fr^W 

(20)4 *^#(30) 4°14 3*Hf^ -5-^14, sfY^^#(20)oflsl n ^ ^§°.S 
<&n 444^r *Ff^##(20)4 #^#(30)S| ^ x-jsj- ^-^7> €4. 

<26> 44>H, £ f-^o] 01^4 ^ 7)#2 j 4^ ^^(30)^ £4*} 0.3. 

344 ^4, *Ff^-W(20)4 %^(30) a>*14 ^4«^^ 2} 

SfAl^ ^- oijL, *HMj^(20W4 <y«fl 444^ ^^##(20) 

4 n $H wvni-oj #^4-1- «^ ^ 01^ m-^sl-l- 

41- *l|**Kr HI 5£4. 

[^4 ^1 

<27> 7 |^a| 4^1- ^«|-7l -g. ^-rgofl 4^ m-^4-§- ^£.^1 *&%± 
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*Rr, ^ H o v #^ n-GaN^-S o)*6\ SHfWf^ p-GaN°-5. 

71 sH^^sf ^-71 ^>^>1<H1 , InxGa^NJlsL ^f-^^lfe 3*FH^ 

4, n-GaN K^r n-Al y G ai - y NAS o)^o|x]^ *l7)-^#4, In z Gai- z °l^<H*l^r 

<28> ^"71 In x Gai- x N^.S- °1^<H?1 <9^£.fug. 3xig-§Rr S^^^f 

72 HLfe- cf^^4-f 1-7^1- 7}^ ^ $14. 

1-721- 1- ^ safetfl, °1 4>7l 3*HMjtf A oM W-f-§-# 

< 30 > ^7] 3*HM!$- 10-1000 A ^ ^f^ll- 7W^ 4^2] §fc]-. 

<3i> #7] 3*HfW W^l^ 5L2iM7f JE^S]*] ^o] HV^sfcf. 

<32> #7] ^Ff^ olf-^^r 0<X<0.4°] ?H Uf^-lel-Cf. 

<33> #7] ^}^%-$] Al 0<y<0.2 9.1 uI-ev^^c^ 

<34> #7| 10-500 As] -Y-^l-t 7M^ #o] 0]-^^. 

<35> #7| ^7>^^S] j^S^Efe 5X10 17 ~1X10 21 ^7^/cm 3 91 ol-^Sl- 

4. 
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<36> #7l W-fl-tnf ^f 1 

°o t 4-f-g--i 1 Sl- t ^ Slfecfl, °1 #7l £3*I4§^ #?1 W^-I-^^l 

<37> #7l 10~500A^1 ^111- 7fxl^ 3}o] t^^sfc]-. 

<38> #71 ^^S]4#°ll^ 5L£^7} SL^Sl^l ^ o] n\^^\t\ . 

<39> #7i ^i^si4#^ <y-g-^£ o< z <o.4<y ?h 4^-^i§i-4. 

<40> #7] SFr^##:4 #7l ^7f^-^^- ^-Sl-^ Aj-oloil, n-GaNH^ £€S7f £ 

M^l GaN^.S. ol^o^^i ^47f^#34, # 7 1 ^^7^*^^ ji-^S-S. 
£ n-GaN^S. ol^<H*I <>lf^t 3*)-#3 ^1 ^1 ^ £*H°.5L 7]\4% 

<4i> #7l ^7f7K-#ol n -GaN^S. ^o^i- ^ °- n nfls} £ 3g^_£i-_ ixi0 15 ~l 

X10 18 ^7^/cm 3 ?] 4^ §1-4. 

<42> #71 *i4 7j-^#£ lOO-lOOOOA^] ^-71)1- 7}^ % 0 ] 

<43> #7l ^'A^ ^7-l#^l £^S^5L^ 1X10 18 ~1X10 21 €x)-^/cni 3 «J] 

<44> #71 °)^^ *!4#^ ^7l#^ 10-300 A -1 ?f-V\m 7W±r %o] 4#^S]- 

4. 
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<45> #7| *J4^ -SEI-JEWI! ^ 5tl4. 

<46> 4>7l <>13^ #7] #z} 7 \4r%-$tt H^ 1 

€ n-GaNS ©HM^ ^|i#2f, 5^§s]4 GaN Sfe ^l'-f^ 

n-GaN^.5. o]^6\^ ^2#^1 3^4 ^Kfls. #£4 *J#34 °l-f-*H^ <rS. 

$14. °1 "fl, #4 £^^H^r 1U10 18 -H-A10 21 ^Hr/cm' °] ?M 4%H 

§1-4. ZL2\3L, #7] *fll# % 42^2) ^fe 44 5 - 150A°H , 
#4#e| *W#4 t^Itt 20 ~ 500 A *1 ?H 4^444- 

<4 7 > °1*HM, £ 4H-4tb -S*H# ^Jf* H^M- #S44 44*1 

<48 > aj-Eflo] ^Ajoflfc ^. oj g flS)-7| 4<iJ Tr-°H # £ 

4°H4 f-^S] 4^ 7^ €■ 7l#«j ApJ- vfloflAi ^^ol 7 f 

4*14. 444, £ u a V 44 ^^7f o]§ ^Aloflo,! ^S|<H^fe #6.3. 

<49> 51 2fe £ 4^ ^Alofloll 4^. t4£4t- fl 

tt ^£°14. 

<so> 51 21- #2S|-£ , 4-^^(20)4 %4#(30) 4 0 Hfe 44-^4^-3. °1 
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?V ^^(strain)-i: 444^71 ^Sfl H^5|4 In x G ai - x N^S. °1-¥-44tt 344 

W 44#(L3)<>1 7}\4s\jl, 3*HMi$ 44#(L3) A oHl^ «^(30)°.5L #4 
f- 5l43°.3- *-§-*M n-Al y Ga:- y N^i2. °l-¥-<H4fe ?i^^#(L4)^l =^4 

34. #4^W-#(L4) ^Hl^r £^£.3. 443 #^o] q-rav^ £4^# 

(L4)4 44^* n^^~ 7] £^£1^1 In z Ga,- 2 NJl3. °14<H4fe 

^^S14#(L5)^1 #434. 444, 4Hj#(30)£ ^^S14#(L5)^1 ^44 ^4. 
<5i> i&4, Jg.fi.4l 44 34Y^ 44^(13)^- 7Mfe ^4^HJ* 

IhM^l n-GaN H^r 5^go] #3 GaN^S. 447Hr#(Ll)4, 

n-GaN^S. <>1^4 ^lf^ 444^ -4^%-(L2)<>) ^Ho.^. 3^44 44^ 
##(20)4 344*^ m%(L3) 4°H1 7M€ ^ SI4. 

<52> £ 3-£ £22] 4 ##2] ^4^£cfl oim^wflJELl- 4-2.S A i, 5.^§-£- 

£1- JL3j*H ^rjl f-^^|.§- ufl4*l^-S- HtSlSi 4°14- ^.^Jl, £ 4 

£ 22] 4 f^ofl n ^ JE^E^. Ai £3§^ ^£1- M-Bj-^ Zi2flSol4. 

<53> £ 3 ^ 5. 4# 4^44, 34-¥-W 44#(L3)4 44s]4-t(L5)£ 44 

-f-§-#(W)4 ^144 te^4^r hzl, 444^#(B)4 4M4 ufl:^ a.4^ 4 

£ 4144 «J}h^ 7>44. ^145 *H, 44^'t 44#(L3)4 

(L5)4 a7ls] 4144 bjih;^ 7 |-4o> tt4^r 3*1^ 444. 3*HMJ# 4 

4#(L3)4 ^^4|^(L5)^ 4144 = In°<W 44 S*Hr31 In^4 #7> 

4444. ^sl4#(L5)4 4##^£ 0<z<0.4°J 4°1 453-444. 
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< 54 > 3*FMJ# &4#(L3)4 l^Sl4t(L5)^r H^§# ^-f °1 M-HHf 

44 £43 3? ^M^l £44 1H3^ -f34 giaa 3^4°.^ £ 

*^\*) 4°1 4^444. 

<55> n%i 5^§4 34 44#*M 44£ ^}^%-(L4)o} Q% *^#(30)4 ^ 

4fe 4°1 444, #444 1444#(L5H *H3#(30)4 

^44 nfl^-oll o]3. °J4 aflSl %^(30)-§- 5U4 €4. 444, %4 

#(30)3 #444. 10£ ^^5]4#(L5)3 -r4°)l 4€- ¥^^#1- 

44tflfe ^EflsoU-ll, ^^s]^-f,( L5 )oi j=^]- io~500A7f H)-eJ-a]SH, 150-500A 

<56> 3*FfW 44#(L3)<>1 45144 ^7^4 35L4-2-3- £3g44 ^ 4^ 

^4?fl 44, 44^ 4-V-44 ^-°4 4 J f^##(20)4 %^#(30) 4°13 44-¥- 

W 4*H1 -£"44 ^7]7) 4^4, s}§]-#(L3)£ 10-1000A3 ^41" 

4°1 4^444. 

<57> 3444^ 44#(L3)3 "44 4^ £#£43 3-3^ cfi$. ^ 

144 5L 7°\) 444$4. S. 7£ 1}-#44 470nm 5-4°114 34^^" 44# 

(L3)3 °J#t^°l 3%4 S444 M4 145.4, 34^4% v 44#(L3)3 ¥4 
7f 500-700 A °i 4 ^cfl 4#^* 444 ^, 33 ¥444 $4^ ^-f4 

«14 ^ji 50% 44 4^4 ?fl4^ ^ &4. 
o 8 > #^#(L3)3 ¥44 500A4 4MH4 4#^4 4€- 4#3 
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£44 £ 84 444^4, 4#4lH 3~ 4 % 5-444 t%3L^-^l 444 

-§- ^ $14. 

<59 > ^FH^ 44#(L3)4 ¥*H'£ °J^t^ 4-^4 ##(20)4 €"4t(30) 

o] ^^^-f 4^4 444 4<y=*v ^€ ^ $14. «-4#(30)4 iHh 

^34 4444^ 4sH§KL3)4 ^114 °Jf- ^4 #7f4^ 44 4^4 

44. 

<60> 44-^41]- 44#(L3)£l H<a^S. 444 4-f4##(20)4 %4#(30) 4 

o]o] ^xf^-^f-ol a)^444 %4f-(30)4 44^44 443^ 5.4-t *r 

^ 4-S-4 4£ ^7f4 ^44 €4. 

<6i> 4*11, 44^41)- &n%-(L3)& 9]^o_S. £44 £14 #44 "fll- 

o|] xj7l4i^4 444 4-¥-4##(20)<L^fEi %4#(30)44sl 44^4 $1 
44 444 44-i ^44 5i4. ^, M#(30W ^<£4^ 444 ^j- 444 

^3l#4 £±S\±: &*\}7} ^§44. 

<62> 1-^, 44^4f- 44#(L3)£ S^Rr 34^4^ 44 

t(L3) 4efl4 4-¥-3##(20)44 ^#444 #44 4444 44. 4 

^4^-2.3. 444 ^#444 444^(electron energy- barrier)4 ^^431 °] 

s. 44 4-T-^#-t(20)^.s.-¥-Ei #^-f(30)CLS.^l 444 *f-4 Mt1 44. 
444, ^¥ 444 ^7f44 44. 
<63> ^-44 4^ ^xfll- sM44 444 34-¥-4^ 44#(L4) tf*n n-Al y Gai- 
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<64> ^^%-(lA)^ n $ i^S^l 5X10 17 ~1X10 21 $A^r/cm 7} 1 

^ SflCLol, ¥^)tt 10~500A^^ #4. 3e^JL, Al th^-Sr 0<y<0.2 7)- 4^*} 

£°1 ^^^-^#(L4)S] ifflH^-S- GaN2] ^44 o]iL4 aTfl ^fl^fe 

<>14. 

<65> ^4^-^#(L4)sl £<y^ 3*FfW 4SHIHL3)^ t4°tJ-£ 

<66> £ 9^r ^4^-^(L4)^ H^g^^ofl 4^ q^vfl 

neflsoic]-. £3§^ £7 > uj-j. ^%^o) 3-2^] <|H4±r ^-g- L+EHJL $1 

fetfl, °l^r 34^^ °M#(L3)ilsL *d4^ 4^ ^-g^l 444fe ^o 1 " 

°14. ^4^^(L4)£] J£^S^-5L7f 4 5X10 18 ^5L<|1 «fl 3347}- Jg& ° e v ^ Jft 

<67> #44 «M47) 44^^ 44#(L4) of an ofl 
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5^§£ n-GaN^-S. °l^H?i #4^ ^l^^(L2)-gr 

°1^^% V #4^ ^'A%{12)\ ^Hf^ ##(20)4 34-^f" #Sr#(L3) 4°H 

<68> olf^lMl 4tb *I4^ (Electron Barrier)-^ 4-t-^#(20)<HH 

(30)o.S£l ^r^S^l *oHI# ±43 ^f- ^o^g. ^Ml^lfe- 

<69> °1#^% V #4^ ^)7-]#(L2)£l S^ife 1X10 18 ~1X10 21 QA^r/cm 

<70> ?1 uj-Ej-^i-t^ 10-300 A <?! ?M 4^444. 34^ »14 

#(L2)£ nfl-f gj=6l-o> ^01, o)^ lEf5L^^ M4 o)J?o]^ - 014. o]^ 
t 444*3 *H4#(L2)°1 ^-§- ^-f 444 ^oj 4^£)<H H $H $>$5|fe 
443 ^#ol ufHB>^^ ^oj 1447fl 5]^ 4, 44 £o| 

47 r iL^S]^ 4°14. 

<7I> ^.J2.0fl 142}^ o]^^^ ^^j-^ A7}%(L2)£ 447 r ##(Ll)J*4 ^-^o 5- 

S n-GaNS. °l-?-^4 ^lfoz}., 5^5] 4 GaN £E^r #4 *fll#Ji4 aj 

18 21 3 

2) ^51 &4. °1 n fl. # 7 1 *)ll#3 £^§-V-H^ IuaIO -1VA10 W^r/cm 4 ?A°} 

4^-^*1-4. h^jl, xj-7] ^ ^il2#5] ^lfe 44 5 ~150A°M, #4 
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^"<& ^fe- 20 -500A °! 4t^^>4. d lf >H % 

ns. ^#2} nMHi 4€ ?-§-*i^ ni^-Hi- 7n&q ^ sa 

<72> £ ll^r ol^^- #7)-^ ^7-]#(L2)5l £^^£ofl 14s 20mA<Hl^^> H o 1 - 

*\ 3.5V°l«|-7l- ^^<>14 

^ *l]7^(L2) N-GaN Sfe <?J3H £.3. 3*1 GaHSLS. 0} 

<74> £ 5^ *Hf3^(20)3|- 3*FfW ^#(L3)°1 °J3^ "fl^l 

#3)-#(L3)-2.5L VH7]-7l o^-g^ <£ ^ 014. 

<75> £ 6£ Sj^HrfUD £ °1^^ ^17|#(L2)S] ^.g. 

3$ 3*1^ ^7i#(L2) 4^5] J^g-^JE *HS. °J*H ^H^1^H7}- o>EflS. 
*H ^1 711 <4eM, SHta M^^-S. ?i7l^-o] ^7l?H Sjjl o] x\7Wft s\ 

$M *\Z}7} °)&%tfr ^7f^-tf ^l7l^(L2) ty^SLg. 7^5] 711 £4. Sth 
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rto) ^-o)^ 7V± t \7]) ^Cf. Oj-eM, JroZfo]] o^flA-j 3 

ftSLILsL ^^^(Ll)^ 5^g*)-*| *] 

^Stt lxi0 15 -lxl0 18 ^^/cm 3 °J ^Nl^b 10-10000A7> af 

<77> 44 ?M £ ^<H1 €^#(30)^1 3L4^^-S. ^7-f7> ^^g" 
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Mi?* l] 

iM^rr t^t e l, n-GaN^S ^l^^^l p-GaN^S. *]^- 

In x Gai-xN^-S. °]^<H*m 3*HMJ* ^#4, n-GaN Efe n-Al y Gai- y NAS 
°l^-<H*lfc In z Gai- z N^.S ^ 

[3?* 2] 

^fllM $a<>H, A J"7l in.Gaj-xN^.S °lf-<H# ^K-l-f^ 
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Wt 1 * 4] 

5a«H^, A <M z^Hf^ &2)-# 0 l 10-1000 A si ^*fl# 7j[% 

5] 

Wt 1 * 6] 

^IWI &<>H, A oM z?*HHJ^ ^5f#£) °If-#U=°l o<x<0.4<y 3* ij- 
7] 

^lWI sa^^l, A <M Al ««1 0<y<0.2 ?] ^J* m$SL3. 

8] 

9] 

A oM S-^-V£-7f 5X10 17 ~1X10 21 ^xj-^/cm 3 
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Wt 1 * 10] 

Mi?* in 

13?* 12] 
[3^8- 13] 

13?* 14] 

GaN^fe H«7> £^5]^ g£ GaN^-S. °lf-<H*! ^^Hrf^, 41-7] ^47>^# 
Jit} JL^sL 5^§£ n-GaNAsL o^*! °lf^^" 3*F£ej ^f^o_sL 
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15J 

^£7f 1X10 15 ~1X10 18 <?! 3# ^ aV^^l 

Wf* 16] 

^114%H1 Stl^H, 100~10000A^1 7Mfe S}-8r 

17] 

4W S M Sl^H, A o v 7l alMf 1 ^ £^§^H7f lxi0 18 ~lx 

Mt 1 * 18] 

^114M $Jl*H, A oM olf^tf io~300 A si ^Mlt- 7fx] 

s.^ o. s m-^shi- «KE*fl ^#£4. 
19] 

^]14%H1 Sl^H, A oM ojf^ ^4^-^ *)|7i#c>] «iEf£^#o] 3}o_ 
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